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1. INTRODUCTION {#omi12289-sec-0001}
===============

The epidemic of coronavirus disease 2019 (COVID‐19), caused by a novel coronavirus (SARS‐CoV‐2), has become a major public health challenge around the world. In many cases, the infection of SARS‐CoV‐2 resulted from rapid human‐to‐human transmission, including direct contact with patients, and the transmission through droplets and aerosol particles (Xu et al., [2020](#omi12289-bib-0039){ref-type="ref"}). The respiratory syndrome caused by this virus is severe and even fatal (Li et al., [2020](#omi12289-bib-0014){ref-type="ref"}). It has been reported that angiotensin‐converting enzyme 2 (ACE2) is the main host cell receptor of SARS‐CoV‐2 and plays a crucial role in the entry of virus into the cell (Zhou et al., [2020](#omi12289-bib-0042){ref-type="ref"}). Interestingly, the results from our laboratory show that ACE2 is highly expressed on the epithelial cells of oral mucosa, suggesting that the oral cavity could be at high risk for SARS‐CoV‐2 infection, and transmission‐based precautions should be taken in the dental clinic (Xu et al., [2020](#omi12289-bib-0039){ref-type="ref"}). Since many viruses including SARS‐CoV‐2 can be detected in saliva (Kaczor‐Urbanowicz et al., [2017](#omi12289-bib-0010){ref-type="ref"}; To et al., [2020](#omi12289-bib-0031){ref-type="ref"}), the risk of transmission of viruses, especially those that cause respiratory infections, through saliva is non‐negligible in the dental clinic (Meng, Hua, & Bian, [2020](#omi12289-bib-0019){ref-type="ref"}). Therefore, based on our experience of fighting against the COVID‐19 epidemic, preventing the spread of disease through saliva in the dental clinic is critical to the health of both doctors and patients (Peng et al., [2020](#omi12289-bib-0022){ref-type="ref"}).

2. PHYSIOLOGICAL ATTRIBUTES OF SALIVA {#omi12289-sec-0002}
=====================================

Human saliva is a unique body fluid secreted by the salivary glands. It is mainly composed of water (94%--99%), with organic molecules accounting for approximately 0.5% and inorganic molecules for 0.2% (Zhang et al., [2016](#omi12289-bib-0041){ref-type="ref"}). It has the functions of lubricating oral mucosa, digesting food, cleaning and protecting the oral cavity, and is one of the most important factors affecting homeostasis of the oral cavity (Helmerhorst & Oppenheim, [2007](#omi12289-bib-0008){ref-type="ref"}). A normal adult secretes approximately 600 ml of saliva every day (Zhang et al., [2016](#omi12289-bib-0041){ref-type="ref"}). In addition to salivary gland excreta, saliva also contains food residue, serum components, oral microorganisms, and their metabolites, exfoliated epithelial cells and white blood cells (Proctor et al., [2018](#omi12289-bib-0024){ref-type="ref"}).

3. BIOLOGICAL EFFECTS OF SALIVA ON MICROORGANISMS {#omi12289-sec-0003}
=================================================

So far, more than 700 microbial species, many of which are related to oral and systemic diseases, have been identified in saliva. Saliva not only provides ecological niche for the colonization and growth of oral microorganisms, but also inhibits the over‐growth of specific pathogens to maintain the homeostasis of oral cavity.

The salivary acquired pellicle that consist of salivary proteins such as acid proline‐rich protein, statherin and histatins, allow the oral bacteria to colonize on tooth surfaces, and provide nutrition for their survival, reproduction and metabolism (Kolenbrander, [2011](#omi12289-bib-0013){ref-type="ref"}). Salivary mucins and glycosylated proteins can provide carbon and nitrogen sources for the growth and metabolism of oral microbiota. The binding between salivary proteins and oral microbes can not only help microbial adherence, but also cause the aggregation of oral microbiota and thus increase the clearance of bacteria from the oral cavity, including some pathogens. Therefore, saliva can act as a "gatekeeper", and help prevent the spread of pathogens to the respiratory and gastrointestinal tracts (Ruhl, [2012](#omi12289-bib-0025){ref-type="ref"}).

In addition to providing a nutritional source for the growth of microorganisms, saliva contains a large number of antibacterial and antiviral proteins. The major antimicrobial components that have been identified in saliva include lysozyme, peroxidase, lactoferrin, and histatins (Tenovuo, [2002](#omi12289-bib-0030){ref-type="ref"}). Secretory IgA (sIgA) plays an important role in immunity by binding the surface molecules of pathogenic microorganisms and preventing adhesion and colonization (Balmaseda et al., [2003](#omi12289-bib-0002){ref-type="ref"}). Of interest, most of these antibacterial proteins, including cathelcidin (LL‐37), lactoferrin, lysozyme, mucins, peroxidase, salivary agglutinin (gp340, DMBT1), sIgA, SLPI, and α, β defensins, also display antiviral activities, typically against specific viral pathogens (Malamud et al., [2011](#omi12289-bib-0017){ref-type="ref"}). The mechanisms of viral inactivation include not only direct binding to the virus, but also indirect methods via intracellular modulation of viral replication, modulation of signaling pathways, and recruitment of immune cells that contribute to antiviral activity in vivo (Diamond, Beckloff, & Ryan, [2008](#omi12289-bib-0006){ref-type="ref"}).

4. SALIVA AS A POTENTIAL SOURCE OF VIRUS SPREAD {#omi12289-sec-0004}
===============================================

The interaction between viruses and saliva is a complex biological process. Human saliva is abundant of biologically active components, such as proline‐rich proteins, mucins MG1 and MG2, and gp340. These components interact with pathogens and cause multiple influences on their biological behavior (de Almeida Pdel, Gregio, Machado, de Lima, & Azevedo, [2008](#omi12289-bib-0005){ref-type="ref"}). Moreover, pathogenic viruses in saliva have altered biological patterns such as increased aggregation and communicability (Anschau & Sanjuan, [2020](#omi12289-bib-0001){ref-type="ref"}). According to a previous study on vesicular stomatitis virus, this pathogen has a strong aggregating ability in the presence of saliva, and some host factors, such as fibrinogen, could promote this saliva‐induced aggregation process, suggesting the important role saliva plays in the biological behavior of this virus (Anschau & Sanjuan, [2020](#omi12289-bib-0001){ref-type="ref"}). According to another study, the biochemical components of saliva are closely associated with the presence of Zika virus (ZIKV), indicating complex interactions between the virus and saliva (Siqueira, Moffa, Mussi, & Machado, [2016](#omi12289-bib-0029){ref-type="ref"}). Hence investigation of the biological functions of saliva on the behavior of viruses, and the impact of virus on the composition of saliva, suggest the transmission of virus can be closely connected with saliva.

4.1. Spreading of coronavirus through saliva {#omi12289-sec-0005}
--------------------------------------------

Coronavirus is a group of enveloped single‐stranded RNA viruses belonging to the order Nidovirales, the coronavirus family, and the coronavirus subfamily. It has 26 known species and can be divided into four genera (*α*, *β*, *γ*, and *δ*). Only the *α* and *β* genus are human pathogenic strains. SARS‐CoV, SARS‐CoV‐2 and the Middle East respiratory syndrome (MERS) coronavirus (MERS‐CoV) all belong to the β subgroup. Studies have shown that early target cells for SARS‐CoV infection include ACE2‐positive cells/keratin epithelial cells in the salivary gland duct and other cells in the lungs, such as ACE2‐positive cells/keratin alveolar epithelial cells, which suggested the salivary gland epithelial cells may be infected in vivo after entry of the virus (Liu et al., [2011](#omi12289-bib-0015){ref-type="ref"}). Therefore, the saliva produced by the infected salivary glands could be an important source of virus, particularly in early infection (Liu et al., [2011](#omi12289-bib-0015){ref-type="ref"}). Study of the invading process of SARS‐CoV‐2 revealed this pathogen invades human cells through ACE2 which functions as a cell receptor. This process is similar to the invasion process of SARS‐CoV, suggesting a similar invasion mechanism of these two species of coronavirus. Therefore, salivary glands may also become a potential source of the transmission of SARS‐CoV‐2, which is not to be neglected (Wan, Shang, Graham, Baric, & Li, [2020](#omi12289-bib-0035){ref-type="ref"}).

Real‐time RT‐PCR detection results of throat wash and saliva showed that the content of SARS‐CoV RNA in saliva was higher than that in throat wash, which supported the possibility of oral droplet transmission of SARS‐CoV (Wang et al., [2004](#omi12289-bib-0036){ref-type="ref"}). Studies have found viral RNA and live (culturable) viruses in air samples, and SARS‐CoV may be an opportunistic airborne pathogen (Booth et al., [2005](#omi12289-bib-0003){ref-type="ref"}; Xiao et al., [2004](#omi12289-bib-0038){ref-type="ref"}). As a result, the virus has the potential to initiate disease through both short‐distance and long‐distance aerosol transmission, and there is at high risk of infection in people who have close and unprotected contact with SARS patients (Tuan et al., [2007](#omi12289-bib-0032){ref-type="ref"}). Evidence suggests that aerosols may be produced during endotracheal intubation or in combination with other procedures such as cardiopulmonary resuscitation or bronchoscopy, to increase the risk of SARS transmission (Seto, [2015](#omi12289-bib-0028){ref-type="ref"}). To et al reported that SARS‐CoV‐2 can be detected in 91.7% of the saliva samples studied, indicating that saliva as a potential source of SARS‐CoV‐2 spreading (To et al., [2020](#omi12289-bib-0031){ref-type="ref"}). Therefore, dental clinicians in close contact with patients, salivary aerosols and blood need to be highly protected to reduce the risk of infection, particularly during the epidemic period of COVID‐19.

4.2. Other viruses {#omi12289-sec-0006}
------------------

Apart from coronavirus, human saliva also plays a role in the pathogenicity of other viruses. At present, a variety of viruses related to human diseases have been isolated from, or detected in, saliva, including Epstein--Barr virus (Guidry, Birdwell, & Scott, [2018](#omi12289-bib-0007){ref-type="ref"}), herpes simplex virus (Corstjens, Abrams, & Malamud, [2016](#omi12289-bib-0004){ref-type="ref"}), hepatitis A, B, and C viruses (Mahboobi, Porter, Karayiannis, & Alavian, [2012](#omi12289-bib-0016){ref-type="ref"}), cytomegalovirus (Plosa, Esbenshade, Fuller, & Weitkamp, [2012](#omi12289-bib-0023){ref-type="ref"}), human papilloma virus (Wang et al., [2015](#omi12289-bib-0037){ref-type="ref"}), human immunodeficiency virus (Corstjens et al., [2016](#omi12289-bib-0004){ref-type="ref"}), Chikungunya virus (Musso et al., [2016](#omi12289-bib-0021){ref-type="ref"}), ZIKV (Kaczor‐Urbanowicz et al., [2017](#omi12289-bib-0010){ref-type="ref"}; Musso et al., [2015](#omi12289-bib-0020){ref-type="ref"}), and Ebola virus (Vetter et al., [2016](#omi12289-bib-0034){ref-type="ref"}). These data demonstrate that saliva is a habitat of pathogenic viruses and suggest it could be a potential source of the spreading of these viruses.

5. PROTECTIVE MEASURES TO MINIMIZE SALIVA‐MEDIATED SPREAD OF DISEASES {#omi12289-sec-0007}
=====================================================================

Dental procedures can generate saliva‐contaminated splatters, droplets, and aerosols, which can either directly contaminate the exposed skin/eyes/mucosa, or be inhaled by the practitioner, potentially causing cross‐infection. In addition, saliva‐contaminated droplets and aerosols can further contaminate inanimate surfaces in the dental clinical settings, which may also cause nosocomial infection (Peng et al., [2020](#omi12289-bib-0022){ref-type="ref"}). Based on our experience on the SARS and COVID‐19 epidemics, some precautions that could reduce the possibility of saliva‐mediated spread of diseases in the dental clinic are suggested as follows.

Patient screening is of the most importance to avoid COVID‐19 transmission in dental clinics. Dental Health Care Personnel should be familiar with COVID‐19 symptoms and able to identify a suspected COVID‐19 patient. A non‐invasive rapid screening test would be of great help to identify positive cases that warrant immediate quarantine or transfer to special clinic for further treatment. Recently, the U.S. Food and Drug Administration (FDA) has authorized an emergency use of a Covid‐19 saliva test (Rutgers Clinical Genomics Laboratory, letter of authorization available at <https://www.fda.gov/medical-devices/emergency-situations-medical-devices/> emergency‐use‐authorizations), which could greatly reduce the risk of occupational infection when performing nasopharyngeal or oropharyngeal collections. Future development of saliva‐based rapid tests on either SARS‐CoV‐2 nucleic acid or antibodies may also have potential to help identify suspected cases in the dental clinic during the epidemic period.

Personal protective equipment is important for infection control in the dental clinic, particularly considering that splatter/droplets contain potential saliva‐borne pathogens. Protective goggles or face shields, masks, gloves, and caps should be regularly worn by the practitioner. When in the epidemic period of contagious diseases such as SARS and COVID‐19, transmission‐based precautions (Figure [1a](#omi12289-fig-0001){ref-type="fig"}), including additional protective outwear, surgical mask/N95 respirator and shoe covers, should be adopted by the practitioner to avoid potential droplet/aerosol transmission (Meng et al., [2020](#omi12289-bib-0019){ref-type="ref"}; Samaranayake & Peiris, [2004](#omi12289-bib-0026){ref-type="ref"}).

![(a) An example of transmission‐based precautions to avoid saliva‐contaminated splatters, droplets and aerosols in the epidemic period of COVID‐19. (b) When rubber dam is applied, extra high‐volume evacuation along with regular saliva ejector should be used to reduce splatters, droplets and aerosols as much as possible](OMI-9999-na-g001){#omi12289-fig-0001}

A recent meta‐analysis has shown that a preprocedural mouthrinse can significantly reduce microbial load in dental aerosols (Marui et al., [2019](#omi12289-bib-0018){ref-type="ref"}). A preprocedural mouthrinse would be most useful in cases when rubber dam cannot be used. Of note, most of suggestions for preprocedural mouthrinse are based on bacteriology instead of virology. Limited evidence has shown that povidone solutions (0.23%\~1%) are effective against SARS‐CoV, after 1‐min in vitro incubation (Kariwa, Fujii, & Takashima, [2006](#omi12289-bib-0012){ref-type="ref"}). Hydrogen peroxide (0.5%) has also been shown to inactivate HCoV Strain 229E within 1 min of treatment in vitro (Kampf, Todt, Pfaender, & Steinmann, [2020](#omi12289-bib-0011){ref-type="ref"}). However, clinical studies are still needed to evaluate their capability for reducing the salivary load of SARS‐CoV‐2 and saliva‐contaminated droplets/aerosols during dental procedures. When performing intraoral examinations, the use of three‐way syringe should be avoided in order to minimize splatter/droplets during the epidemic period of COVID‐19. Intraoral X‐ray examination will stimulate saliva secretion and coughing, and thus extraoral radiographies, such as panoramic radiography and cone‐beam CT could be alternatives (Meng et al., [2020](#omi12289-bib-0019){ref-type="ref"}).

The use of rubber dams can significantly minimize the production of saliva‐contaminated splatters, droplets and aerosols, particularly when high‐speed dental handpieces and ultrasonic devices are used. The application of a rubber dam can significantly reduce airborne particles in an approximately 3‐foot diameter of the operational field by 70% (Samaranayake, Reid, & Evans, [1989](#omi12289-bib-0027){ref-type="ref"}). When a rubber dam is applied, extra high‐volume evacuation should be used along with a regular saliva ejector to reduce splatters and droplets (Samaranayake & Peiris, [2004](#omi12289-bib-0026){ref-type="ref"}), and four‐hand operation is necessary (Figure [1b](#omi12289-fig-0001){ref-type="fig"}). If rubber dam isolation is not possible in some cases, manual devices such as Carisolv and hand scalers are recommended for caries removal and periodontal scaling, in order to minimize saliva contamination.

High‐speed dental handpieces without anti‐retraction valves may aspirate and expel debris and fluids during dental procedures. When a rubber dam is not applied, saliva can be aspirated into the handpiece, and saliva‐borne microbes may further contaminate the dental unit waterlines, thus causing cross‐infection. Our study has shown that the anti‐retraction high‐speed dental handpiece can significantly reduce the backflow of oral microorganisms into the tubes of handpiece and dental unit (Hu, Li, Zuo, & Zhou, [2007](#omi12289-bib-0009){ref-type="ref"}). Therefore, the use of dental handpieces without anti‐retraction function should be prohibited during the epidemic period of COVID‐19.

Usually, splatters and droplets can contaminate a 3‐ft diameter range, while aerosols produced can spread further and cause long‐lasting contamination and potential transmission (Zemouri, de Soet, Crielaard, & Laheij, [2017](#omi12289-bib-0040){ref-type="ref"}). A recent study published in the New England Journal of Medicine demonstrated that aerosol and fomite transmission of SARS‐CoV‐2 is plausible, since coronavirus remains viable and infectious in aerosols for hours, and on inanimate surfaces up to days (van Doremalen et al., [2020](#omi12289-bib-0033){ref-type="ref"}). Aerosol‐generating dental procedures could spread saliva‐contaminated droplets/aerosols to various surfaces and equipment in the dental office, which requires specific disinfection tactics. Good ventilation is critical for the reduction of aerosols in the clinic setting. Strict and regular surface disinfection with alcohol or chlorine disinfectant is also important during the outbreak of COVID‐19. Of note, saliva‐containing waste generated by patients with suspected or confirmed contagious diseases is regarded as infectious medical waste and should be properly disposed accordingly.

6. CONCLUSIONS {#omi12289-sec-0008}
==============

Saliva as a body fluid with multiple biological functions which not only protects humans from harmful agents, but also acts as a potential route for the spread of diseases. The pandemic of COVID‐19 should reinforce the awareness of dental professionals on the transmission risk during dental practice. Additional protective measures should be taken at this special moment to minimize potential saliva‐derived hazards to both the dental practitioners and the patients.
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